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(54) FUEL CELL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel cell system, 
capable of rapidly and smoothly starting the output of a fuel 
cell by solving the problem of the decrease in output due to a 
sudden flooding phenomenon at a cathode that occurs at 
relatively early stages after the start of operation. 
SOLUTION: Accelerator opening a, stack temperature Ts, 
and the like are read. From the accelerator opening Of, the 
output required is estimated, and the corresponding amount 
TO of hydrogen gas to be introduced into a fuel cell is 
calculated. Whether or not the stack temperature is higher 
than a predetermined value TsO is determined. Whether or 
not the accelerator opening a is greater than a 
predetermined value OfO, and whether or not a variation 
(increase) A Of in accelerator opening is greater than a 
prescribed value A Of 0 are determined. A threshold T1 for 
hydrogen gas introduction limit that corresponds to the 
output limit value of the fuel cell under the current condition 
is calculated. When the threshold T1 is smaller than the 
amount TO of hydrogen gas corresponding to the required 
output, the threshold T1 is used as the amount TO of hydrogen gas to be actually introduced 
the fuel cell and a control signal is outputted, so that a valve 28 attains a prescribed opening. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



CUMMS 
[Claim(s)] 

[Claim 1]An anode catalyzer electrode in which it is arranged at one electrolyte membrane side, and 
fuel gas is supplied, A cathode catalyzer electrode in which it is arranged at the another side side of 
an electrolyte membrane, and oxidizing gas is supplied. In a fuel cell system provided with a fuel gas 
supplying means which supplies fuel gas to said anode catalyzer electrode, and an oxidizing gas 
feeding means which supplies oxidizing gas to said cathode catalyzer electrode, A fuel cell system 
when it is in a state where temperature of atmosphere of said electrolyte membrane is lower than 
prescribed temperature, wherein a reaction limit means which restricts a reaction of said fuel gas or 
oxidizing gas is established. 

[Claim 2]A fuel cell system characterized by said reaction limit means coming to restrict a reaction of 

said fuel gas and oxidizing gas when ambient temperature of said electrolyte membrane is low and an 

output request to a fuel cell is larger than predetermined in Claim 1. 

[Claim 3]A fuel cell system restricting the amount of supply of fuel gas in Claim 2. 

[Claim 4]A fuel cell system characterized by thickness of said electrolyte being below a specified 

value in Claim 2. 

[Claim 5]A fuel cell system, wherein oxidizing gas is introduced into a fuel cell system not passing 
through a humidifier and said electrolyte membrane is humidified in Claim 4 by moisture brought 
about by fuel gas. 

[Claim 6]A fuel cell system having a temperature-up means for raising ambient temperature of an 
electrolyte membrane when required power [ as opposed to / ambient temperature of an electrolyte 
membrane is low, and / a fuel cell ] is beyond. a specified value in Claim 1. 

[Claim 7]A fuel cell system having a required power estimation means which presumes required 
power to said fuel cell system in Claim 6. 

[Claim 8]A fuel cell system characterized by said temperature-up means being a force means of fuel 
gas or oxidizing gas in Claim 6. 

[Claim 9]A fuel cell system characterized by said temperature-up means being a heater which heats 
circulating water of a fuel cell system by a generation output by a fuel cell system in Claim 6. 
[Claim 10]ln Claim 1, a fuel cell system is further provided with a actual output detecting means 
which detects a value about an actually generated actual output, A fuel cell system characterized by 
said reaction limit means coming to restrict a reaction of fuel gas and oxidizing gas when change of 
said actual output corresponding to change of required power to a fuel cell system is below a 
specified value. 

[Claim 11] A fuel cell system restricting a reaction of fuel gas and oxidizing gas in Claim 10 when 
ambient temperature of an electrolyte membrane is lower than a specified value. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to proper and efficient moisture supply control to the 

nature film of electric field of a fuel cell especially about a fuel cell. 

[0002] 

[Description of the Prior Art]The fuel cell can attain a high energy conversion efficiency and high 
power efficiency. For this reason, the fuel cell attracts attention as the power supply for movement, 
or the source of power of an electromobile. The power generation element constituted by a fuel cell 
putting the electrolyte membrane of hydrogen ion conductivity with the carbon electrodes which 
supported the platinum catalyst. That is, while forming the gas passageway for supplying each 
reactant gas to an electrolyte membrane— electrode conjugate and each electrode surface, it has the 
structure which laminated the gas separating component which supports a power generation element 
from both sides. And hydrogen gas, i.e., fuel gas, is supplied to one electrode, oxygen or air, i.e., 
oxidizing gas, is supplied to the electrode of another side, and the chemical energy concerning the 
oxidation-reduction reaction of reactant gas is extracted as direct electrical energy. That is, in the 
anode side, hydrogen gas ionizes and it moves in the inside of an electrolyte, and an electron can be 
moved to the cathode side through external load, and can take out the electrical energy by a series 
of electrochemical reaction which reacts to oxygen and generates water. 

[0003]Since a hydrogen ion moves with a water molecule in the inside of an electrolyte membrane, if 
an electrolyte membrane dries, the phenomenon in which ionic conductivity falls and an energy 
conversion efficiency falls will arise. For this reason, in order to maintain good ion conduction, it is 
necessary to control so that an electrolyte membrane holds a fixed moisture content. Since a 
hydrogen ion moves with a water molecule in the inside of an electrolyte membrane, if an electrolyte 
membrane dries, ionic conductivity will fall and an energy conversion efficiency will fall. For supply of 
the moisture to an electrolyte membrane, the humidifying device for humidifying fuel gas and oxidizing 
gas was formed with the conventional structure. Without installing a humidifying device specially, the 
moisture content of gas is adjusted and the fuel cell it was made to lead to an electrolyte membrane 
is also known. 

[0004] JP,H9-63620,A has disclosed the fuel cell which pressurizes this by an air compressor after 
reducing CO of air gas, is compressed after making air gas into an elevated temperature, is cooled 
with an intercooler, and was introduced into the air pole after that. Thus, when the fuel cell system 
which does not form a humidifying device promotes miniaturization of a system, it is preferred. 
However, if the moisture content of an electrolyte membrane becomes superfluous, it is also known 
that the reaction efficiency of fuel gas and oxidizing gas will fall, and the output power of a fuel cell 
will decline on the contrary. Therefore, it is necessary to perform properly control of the moisture 
content of the fuel cell system under operation. 
[0005] 

[Problem(s) to be Solved by the Invention]In the case of the vehicles which carry a fuel cell system, 
since the gas volume and temperature which the temperature of an electrolyte membrane is low and 
circulate through ojseration immediately after a start are low, reaction efficiency is also low. In 
particular. In the early stages of operation at the time between the colds, etc., the temperature of the 
fuel cell system is low as a whole. Then, while reaction efficiency improves and current increases 
according to an electrolytic temperature, the amount of circulating gas, and gas temperature rising, 
the output of a fuel cell also increases. According to this invention persons' research, if operation is 
continued from the start of operation of a fuel cell, current and an output will increase proportionally 
mostly, but When the ambient temperature of an electrolyte membrane, i.e., the temperature of a fuel 
cell, was low, and the current value reached the specified value (for example, about 40 A) compared 



with the usual temperature state, it became clear that the phenomenon in which voltage and an 
output decline rapidly as shown in drawing 1 t hru/or drawing 2 a rose. 

[0006]Howeven when it carries a fuel cell system in a car, it is very inconvenient as the source of 
power of a car that loss of power arises after a start up in this way. Inventors' research also shows 
requiring most time, although an output will be recovered after that once loss of power arises. It is 
expected that the cause which the phenomenon of this loss of power produces results from the 
flooding resulting from the produced water generated by the reaction of fuel gas (hydrogen gas) and 
oxidizing gas (air). That is, as described above, in the anode side, hydrogen gas ionizes, the inside of 
an electrolyte is moved to the cathode side, it reacts to oxygen by the cathode side, and water is 
generated. In this case, as for a hydrogen ion, a hydrogen ion moves with a water molecule in the 
inside of an electrolyte membrane. Therefore, if the moisture content which an electrolyte membrane 
holds increases, ionic conductivity will improve, the circulating load of a hydrogen ion will increase, 
and the output of a fuel ceil will also increase corresponding to this. 

[0007]on the other hand, in the cathode terminal side, while combining with a hydrogen ion and 
oxygen ion and producing produced water, company water is also carried in with the hydrogen ion 
from the anode electrode side — it becomes rattlingly. As a result, in the cathode terminal side, with 
increase of a hydrogen ion, the moisture content by the side of a cathode terminal becomes 
superfluous, contact with a hydrogen ion and oxygen is checked and reaction efficiency is reduced to 
the cathode terminal side. And according to inventors' research, the superfluous-ized phenomenon of 
the moisture in a cathode terminal occurs rapidly, and depression of the output which results from 
this also tends to arise rapidly, so that the current of a fuel cell and increase of an output become 
rapid- 
[0008] 

[Means for solving problem]This invention solves the problem of the loss of power based on the rapid 
flooding phenomenon by the side of the cathode terminal produced in the comparatively eaHy stage 
after the start up of a fuel cell system, and an object of this invention is to provide the fuel cell 
system which can peri'orm the standup of the output of a fuel cell promptly and smoothly. The anode 
catalyzer electrode in which the fuel cell system of this invention is arranged at one electrolyte 
membrane side, and fuel gas is supplied. The cathode catalyzer electrode in which it is arranged at 
the another side side of an electrolyte membrane, and oxidizing gas is supplied, In the fuel cell system 
provided with the fuel gas supplying means which supplies fuel gas to said anode catalyzer electrode, 
and the oxidizing gas feeding means which supplies oxidizing gas to said cathode catalyzer electrode, 
When the ambient temperature of said electrolyte membrane is in a state lower than prescribed 
temperature, the reaction limit means which restricts the reaction of said fuel gas or oxidizing gas is 
established. The ambient temperature of an electrolyte membrane corresponds to the laminated 
structure of a fuel cell, i.e., the temperature of a stack. 

[0009]From the state which is low, and is not good, temperature rises and this invention functions 
effective in the transition stage to a state with good reaction efficiency mainly, for example. [ of the 
temperature of the whole systems at the time of the start up between the colds, etc. ] In a desirable 
mode, when the ambient temperature of an electrolyte membrane is low and the output request to a 
fuel cell is larger than predetermined, said reaction limit means restricts the reaction of said fuel gas 
and oxidizing gas. A typical reaction limit means is constituted so that the amount of supply of fuel 
gas may be restricted. In this case, the thickness of said electrolyte is set less than to the specified 
value, for example, 20 microns. It is preferred from the field of reaction efficiency to form an 
electrolyte membrane thinly as much as possible by inventors' research. However, since the moisture 
capacity which can hold an electrolyte membrane will decrease if thickness is made thin, change of 
few moisture contents affects the reaction mechanism of a fuel cell. For this reason, it becomes easy 
to produce the flooding phenomenon by the side of the above-mentioned cathode terminal by 
moisture content change accompanying the current change after the above— mentioned start up, and 
an output change. 

[0010] A reaction limit means of this invention functions effectively especially, when thickness of an 
electrolyte membrane is thinly set up as much as possible targeting improvement in such reaction 
efficiency. Oxidizing gas is introduced into a fuel cell system in this case not passing through a 
humidifier, and said electrolyte membrane is humidified by moisture brought about by fuel gas. 
Smooth increase of output performance can be aimed at by controlling a flooding phenomenon in an 
output standup stage after a start up by the side of the above-mentioned cathode terminal, 
promoting a compact for a fuel cell system by constituting in this way. In a desirable mode of this 
invention, ambient temperature of an electrolyte membrane is low, and when required power to a fuel 
cell is beyond a specified value, it has a temperature-up means for raising ambient temperature of an 



electrolyte membrane. 

[0011]The temperature-up means can carry out overspeed r.p.m. of the force means of a compressor 
for compression of oxidizing gas, etc., can promote adiabatic compression of oxidizing gas, and it can 
constitute it so that gas may be heated. A heater which carries out direct heating of the gas to a 
temperature-up means may be used. In another desirable mode, it has a required power estimation 
means which presumes required power to said fuel cell system. An output request can be presumed 
from an accelerator opening, for example. A actual output which a fuel cell system actually generates 
still more preferably. For example, it has further a actual output detecting means which detects a 
value about electric power, current, voltage, etc., and when change of said actual output 
corresponding to change of required power to a fuel cell system is below a specified value, said 
reaction limit means restricts a reaction of fuel gas and oxidizing gas. 

[0012]in this case, change of the actual output to the above-mentioned required power change is 
below a specified value — in addition, when the ambient temperature of an electrolyte membrane is 
still lower than a specified value, it is preferred to restrict the reaction of fuel gas and oxidizing gas. 
[0013] 

[Mode for carrying out the invention]As described above, the electrolyte membrane can form a 
current circuit outside by enabling movement of a proton, i.e., a hydrogen ion, by a moisture state, 
and the fuel cell which performs external work by this is formed. And although water generates by 
oxidation reaction in the cathode catalyzer electrode side of an electrolyte membrane, if this 
produced water becomes superfluous by the cathode catalyzer electrode side, the output 
performance of a fuel cell will decline. Therefore, in order to maintain output performance, it is 
necessary to control so that the produced water by a fuel cell reaction does not become superfluous. 
The moisture transfer model of the fuel cell which can apply this invention is shown in drawing 3. 
[0014]As for the moisture transfer of solid polyelectrolyte membrane, the difference of an 
electroendosmose style and a back-diffusion-of-gas style is expressed with the following formulas 
using the amount of hydration of the appearance in solid polyelectrolyte membrane so that clearly 
from the above. 

j^=Si/F (1) — here — the amount S of moisture transfer in J|^:solid polyelectrolyte membrane : The 

apparent amount i of hydration : current density (A/cm^) — moisture content Jy^ generated by a 
reaction by the cathode side again — J^=i/2F It is expressed with (2). 

[0015]Maximum ^p^^f^pjQ of the moisture amount of supply (J^) by humidification by the side of an 
anode is expressed as follows. 

*-'a(I\4AX) (T) '^^^a'^'^W (T) '/2aF (3) here. Capacity factor P^:W[ of hydrogen / supply-pressure 
Pj ^-pj of hydrogen gas : a: Maximum Jc(MAX) ^ moisture content (Jq) which accompanies to air and 
is discharged at the saturated steam partial pressure cathode side at the temperature T (**), Jq(j^ax) 
"^'^W (T) '^^'^C"^W (T) ))5i/4cF (4) Here, it is expressed with capacity factor PQiair supply pressure of 
c:air. 

[0016]The total quantity of amount of moisture transfer which moves the above to solid 

polyelectrolyte membrane to the cathode side from the anode side during a reaction of an oxidation- 
reduction reaction in a fuel cell, and moisture content Jyy generated by oxidation reaction. It is 

important that that moisture content Jq which accompanies air from the cathode side and is carried 

out out of a system balances and moisture content Jj^ which moves in inside of an electrolyte 

membrane, and moisture content J^^ supplied to the anode side balance. When there is more moisture 

content which accompanies air from the cathode side and is carried out out of a system than the 

total quantity of amount of moisture transfer which moves an electrolyte membrane to the 

cathode side from the anode side, and moisture content J^^ generated by oxidation reaction, it 

becomes impossible to secure a desired moisture content to the cathode side. When there is less 
moisture content Jy^ supplied to the anode side than moisture content which moves in inside of 

an electrolyte membrane, the anode side produces a dryout and, in any case, reduces output 
performance of a fuel cell as a whole. 

[0017]Maximum J^dviAX) moisture amount of supply (J^) by humidification by the side of 

maximum Jq(|^ax) of 3 moisture content (Jq) which air accompanies to the cathode side and is 
discharged, and an anode is the amount of saturated steam at the temperature concerned. 



respectively. Depending on temperature, a rise of temperature will increase rapidly this maximum Jq 
(MAX) "^ACMAX) * Moisture amount-of-supply by the side of an anode and amount of moisture 
company by the side of a cathode will also increase, if temperature rises similarly. By the way, 

since a back— diffusion— of-gas style increases by making thickness of an electrolyte membrane thin, 
amount of moisture transfer in an electrolyte membrane decreases as a whole. It is thought that a 

concentration gradient of moisture in an electrolyte membrane depends this Reason on becoming 
rapid between an anode side and the cathode side. Therefore, in order to prevent a problem of a 
dryout from arising in the anode side since moisture amount-of-supply decreases to the anode 

side in [ in a low temperature ] operating, it is desirable to make thickness of an electrolyte 
membrane thin. 

[0018]However, if the operating temperature of a fuel cell system becomes still lower, it will become 
impossible to discharge properly the produced water produced in the oxidation reaction by the side of 
a cathode contrary to the above-mentioned phenomenon, the superfluous state of moisture will 
occur in the cathode side, and the reaction efficiency of the whole electrolysis film will fall. When an 
operating temperature is low, he is trying to cancel depression reduction of the output of a fuel cell 
system until it inhibits the fuel cell reaction between fuel gas and oxidizing gas, it controls effectively 
the flooding phenomenon by the side of a cathode terminal and it goes up to temperature with a 
proper operating temperature in this invention. The output performance in a standup state after the 
start up of a fuel cell can be made to change good by this. If hydrogen gas runs short during 
operation of a fuel cell system, with advance of oxidation reaction, oxidation reaction of carbon of an 
electrode, etc. may occur and the problem that the electrode of a fuel cell is burned and damaged 
may arise. 

[0019]In order to cope with this, when the tank (feeding means) of the reserve of hydrogen is formed 
and the supply pressure of a main tank falls below to a specified value, it is desirable to have a 
mechanism switched to a reserve tank (feeding means). Or when the supply pressure of hydrogen 
falls below in a specified value, it is desirable to control to lessen external load current and to 
suspend operation of a fuel cell system further. 
[0020] 

[Working example]Reference of drawing 4 shows a schematic view of the fuel cell system 1 according 
to one working example of this invention. In this system 1, the fuel cell stack 2 which laminated the 
above-mentioned solid polymer fuel cell is formed, and hydrogen as fuel gas is supplied to this fuel 
cell stack 2 via the feed pipe 3. A supply system of hydrogen gas is provided with the MH hydrogen 
storing metal alloy 4 as a hydrogen gas source of release, and the hydrogen storing metal alloy 4 of 
this example generates hydrogen gas by application of pressure. A supply pressure is adjusted with 
the hydrogen gas regulating valve 5 by which emitted high voltage hydrogen gas (about 5 
atmospheres) was provided on piping of the feed pipe 3 (about about 1.5-3.0 atmospheres). And 
hydrogen gas adjusted to the specified quantity is led to the hydrogen gas humidifier 6 adjoined and 
installed in the fuel stack 2. Hydrogen gas from the fuel cell stack 2 is discharged from the fuel cell 
stack 2 via the hydrogen gas exhaust pipe 7, is introduced into the hydrogen gas return pipe 9 
through the moisture condenser 8, and is introduced into the hydrogen circulating pump 10, The 
hydrogen gas return pipe 1 1 joins hydrogen gas feed pipe 3 by the downstream of the above- 
mentioned hydrogen-gas-pressure regulating valve 5, and constitutes a circulating course. 
[0021 ]The air as oxidant gas is supplied to each cathode side of this fuel cell stack 2 via the feed 
pipe 12. The air supply system is provided with the air compressor 13 for pressurizing. 
Pressure up is carried out to 1.5 thru/or 3.0 atmospheres by this, and it is introduced into the fuel 
cell stack 2. 

The air of the surplus from a fuel cell is wide opened by the atmosphere via the moisture condenser 
14 from an air discharge pipe. The fuel cell system 1 of this example is provided with the moisture 
circulatory system for processing the moisture which hydrogen gas and air accompany from an 
electrolyte membrane in order that hydrogen gas may adjust the moisture content carried into an 
electrolyte. The water breathed out from the circulating water pump 1 5 provided with the circulating 
water pump 15 for this moisture circulatory system to give hydrologic cycle energy passes the piping 
16a, is introduced in the hydrogen humidifier 6, contacts via hydrogen gas and a semipermeable 
membrane, and humidifies hydrogen gas. And by the water cycle system of this example, the piping 
1 6b from the humidifier 6 is connected to the moisture condenser 1 4 of oxidizing gas. 
It is returned to the inlet side of the circulating water pump 1 5 via here. 

Piping from the hydrogen gas service-water part condenser 8 is also connected to the piping 1 6c of 
the inlet side of the circulating water pump 1 5. 



The water from both moisture condensers 8 and 14 is built into the circulating water system for 
humidifiers. 

[0022] [0022]. As for ****** of this example, the stem 1 is ****** in part to the course of cooling- 
waterHlow piping. 

the predetermined chilling effect by cooling water is acquired by rare ****** and this — as . 
The cooling-water-flow system of this example is provided with the cooling water pump 17. 
From the cooling water pump 17 to the discharge-side piping 18, the radiator 19 is arranged, after 
being cooled by the radiator 19, the heat exchanger 20 of the discharge side of the air compressor 13 
lets cooling water pass, and it cools the compressed air which adiabatic compression was carried out 
by the air compressor 13, and carried out the rise in heat by it. 

And the fuel cell stack 2 lets the cooling water which passed through the heat exchanger 20 pass 
through the humidifier for hydrogen gas, and it adjusts the fuel cell stack 2 in a predetermined 
temperature requirement. That is, in operation between the colds of a fuel cell, after functioning as a 
heater and reaching prescribed temperature, it functions as an air conditioner. 

[0023][0023]. Piping 12 ****** via which that of the air compressor 13 does not go with the piping 
1 2a for which near piping goes via the heat exchanger 20. 

it is **(ing) and the temperature of the air introduced into the fuel cell stack 2 can be controlled by 
adjusting the air content which passes these heat exchangers 20 — as . 

The temperature sensor 21 which measures air temperature is formed in piping of the air introduced 
into the fuel stack 2 for this purpose. The temperature sensor 22 which plans temperature of 
hydrogen gas is also formed in the hydrogen gas circulatory system. In order to measure the pressure 
of these hydrogen and air, the pressure gauges 23 and 24 are formed, respectively. The fuel cell 
system 1 of this example is not provided with the humidifying device by the side of air. 
[0024]While the fuel cell system 1 of this example is provided with the heater 25 for heating hydrogen 
gas in predetermined operational status, It has the electronic control (ECU) 26 constituted including a 
microcomputer preferably [ in order to control the electric energy of this heater 25 and the hydrogen 
gas compressor 10 ]. Furthermore, in the discharge side of the air compressor 13, the flow control 
valve 27 which adjusts a flow is formed in the bypass channel 12b which bypasses the heat 
exchanger 20, and the amount of compressed air to the heat exchanger 20 can be adjusted now to it. 
Cooling control of the air temperature supplied to the fuel cell stack 2 by this if needed can be 
carried out. ECU26 outputs the control signal which performs opening adjustment of a flow control 
valve for this purpose. 

[0025]At the operating temperature of a fuel cell, if less than about 50 **, moisture amount-of- 
supply (maximum) by the side of an anode will stop being less than above-mentioned amount 

of moisture transfer J|^, and the problem of the dryout by the side of an anode will arise. Such a 

dryout is prevented and it is efflcient, and in order to produce an electrolysis reaction, it is desirable 
to operate in about 50 to 70 **. On the contrary, produced water arises in the cathode side, 
humidifying hydrogen gas gas in the state whiere an operating temperature is low, in order to solve 
the problem of the above-mentioned dryout by the side of an anode — the superfluous state of the 
moisture [ interval ] by the side of a cathode is accelerated. When especially outside air temperature 
starts especially with prescribed temperature, for example, a temperature lower than about 5 **, 
superfluous moisture remains on an electrolyte membrane and checks an electrolysis reaction. The 
fuel cell system is the almost same temperature as outside air temperature immediately after the 
start up as mentioned above. After a start up, since adiabatic compression of the air is carried out by 
the air compressor, temperature rises. In connection with this, the rise in heat also of stack 
temperature and the hydrogen gas temperature is carried out. In this case, the rise in heat of a stack 
and the hydrogen gas is carried out with the almost same tendency. After a start up, if fixed time 
lapse is carried out, the rise in heat of air, a stack, and hydrogen gas will be lost, and temperature will 
become regular. 

[0026]. The quantity of the hydrogen ion, i.e., a proton, which moves in the inside of an electrolyte 
membrane also reacts good few, and raises an output especially at the beginning of operation until 
temperature will rise and it will be in a stationary state, if operation is started in the state where the 
temperature of a fuel cell system is low. If this state advances, produced water will increase and the 
hydration state by the side of a cathode will occur. And when current goes up to a specified value, 
the cathode terminal side produces a flooding phenomenon and current and the rapid fall of an output 
arise. In order to cancel [ this invention ] such a situation, when there is a possibility of being when 
the ambient air temperature of an electrolyte membrane being low, and spoiling a proper electrolysis 
reaction condition. As the reaction of the hydrogen gas supplied to a fuel cell stack and oxygen is 



inhibited, the flooding phenomenon by the side of a cathode is prevented, and he is trying to avoid 
reduction of the loss of power in the standup stage after the above starts up. 
[0027]In ECU26, hydrogen gas temperature, air temperature, humidity, stack temperature, the 
hydrogen gas amount of supply, The signal showing physical quantity is inputted in the operating 
condition of vehicles and the operating condition of a fuel cell system which carry these fuel cell 
systems, such as air supply, a hydrogen gas supply pressure, air supply pressure, and an accelerator 
opening. And ECU26 controls the circulating load of hydrogen gas based on these input signals. 
Specifically, the electric energy of the flow control valve 28 for hydrogen gas and the hydrogen gas 
circulating pump 10, i.e., a compressor, is controlled. The amount of hydrogen gas introduced into the 
fuel cell stack 2 is controlled by this. The flow control valve 27 is formed in the bypass channel 12b 
of the heat exchanger 20. 

By adjusting the flow of this flow control valve 27, ECU controls the air content which passes the 
heat exchanger 20, and controls the temperature of the supply air to the stack 2 by this. 

[0028]This invention is for coping with a problem of rapid loss of power of a fuel cell resulting from a 
flooding phenomenon by the side of a cathode terminal which produces a fuel cell system as 
mentioned above in a comparatively early stage after a start up of vehicles carried as the source of 
power. For this reason, a fuel cell reaction is inhibited, and when stack temperature is below a 
specified value, quantity of produced water is controlled by this invention so that a flooding 
phenomenon by the side of a cathode terminal does not arise. Quantity of hydrogen gas especially 
introduced into the stack 2 is restricted, a reaction is inhibited, quantity of produced water is 
restricted, and flooding by the side of a cathode terminal is kept from arising. Paying attention to a 
correspondence relation whose amount of hydrogen gas and output of a fuel cell are almost the most 
important existing, the maximum output of a possible fuel cell is specifically set up in the range which 
flooding does not produce, and the hydrogen gas amount of supply is controlled to become this 
output within the limits. 

[0029]With reference to a flow chart of drawing 5 , an example of operation of a fuel cell system 
according to this invention is explained. First, ECU26 inputs various detected information, namely, 
reads air- temperature humidity and accelerator opening alpha, the stack temperature Ts, etc. (Step 
SI), next — while ECU presumes required power from accelerator opening alpha — ♦++* — having - 
- the corresponding amount To of hydrogen gas which should be introduced into a fuel cell is 
computed (Step S2). And ECU judges whether stack temperature is below the specified value Tso 
(Step S3). When the stack temperature Ts is lower than the specified value Tso, it is judged whether 
ECU26 has accelerator opening alpha still larger than specified value alphao (step S4). In step S4, 
accelerator opening alpha judges whether accelerator opening increase side variation deltaalpha is 
still larger than the specified value deltaalphao, in being smaller than specified value alphao (Step S5). 
And accelerator opening increase side variation deltaalpha increases number of rotations of a 
compressor of air in this example by a temperature-up means, in being larger than the specified value 
deltaalphao, and accelerator opening alpha raises air temperature, when larger than specified value 
alphao (Step S6). Or temperature up of the air may be carried out with a heater. And predetermined 
time progress is secured by a timer (Step S7). Next, ECU computes hydrogen gas introduction full- 
limits T| corresponding to an output limit value in the actual condition of a fuel cell (Step SB). Even if 

this fulHimits T| introduces into a fuel cell the amount of hydrogen gas set up based on this value, it 

is a value without a possibility of producing flooding in the cathode terminal side. This fulHimits T| 

can be set up by a rule of thumb. 

[0030]When full-limits T| is smaller than the amount To of hydrogen gas corresponding to the 

required power set up at Step S2, and the (step S9), A control signal is outputted so that (Step S10) 
and the valve 28 may attain a predetermined opening as the amount To of hydrogen gas which should 
actually introduce this fulHimits Tj into a fuel cell (Step S11). As shown in drawing 6 a nd drawing 7, 

the amount To of hydrogen gas is set up as To=Tb+Tc from hydrogen gas correction amount Tc set 
up by amount Tb of basic hydrogen gas and accelerator opening rate-of-increase deltaalpha which 
are set up by accelerator opening alpha. Amount fulHimits of hydrogen gas Tj is given as T =Tjb+T|C 

from basic fulHimits T|b corresponding to the stack temperature Ts and correction value TjC 

corresponding to the humidity of air which are given by a relation as shown in drawing 8 and drawing 
9, respectively. 

[0031]That is, amount full-limits of hydrogen gas T| is set up increase corresponding to the stack 
temperature Ts increasing- Other working examples of this invention are described with reference to 



a flow chart of drawing 1 0 , ECU inputs various detected information like a precedent, namely, reads 
air-temperature humidity and accelerator opening alpha, the stack temperature Ts and the present 
operational status A of a fuel cell, i.e., generating current, the electric power W, etc. (Step SI), next - 
— while ECU presumes required power from accelerator opening alpha — **** — having the 
corresponding amount To of hydrogen gas which should be introduced into a fuel cell is computed 
(Step S2). And ECU Judges whether stack temperature is below the specified value Tso (Step S3). 
When the stack temperature Ts is lower than the specified value Tso, it is judged whether ECU26 has 
accelerator opening alpha still larger than specified value alphao (step S4). In step S4, it is judged 
whether rate-of-increase deltaT of the amount of hydrogen gas in which accelerator opening alpha is 
further actually introduced into a fuel cell when smaller than specified value alphao is larger than 
specified value deltaTo. (Step S5). and when larger than specified value alphao, accelerator opening 
alpha comes out and there is, and it is judged whether rate-of-increase deltaT of the actual amount 
of hydrogen gas has rate-ol^increase deltaA of generating current of a fuel cell still smaller than 
specified value deltaAo, when larger than specified value deltaTo (Step S6). In this case, control 
which paid its attention to accelerator opening rate-of-increase deltaalpha may be performed like a 
precedent. 

[0032]And when the judgment in this step 86 is No, it is judged whether rate-of-change deltaW 
(negative value) of the output power of a fuel cell is still smaller than specified value deltaWo (Step 
S7). And in being small, only the specified value t decreases and the actual amount T of hydrogen gas 
is set up (Step S8), and it outputs a control signal so that the valve 28 may attain a predetermined 
opening (step S9). Thus, generous operation is attained when the flooding phenomenon by the side of 
the cathode terminal of the above of a fuel cell prevents effectively, since the actual output state of 
a fuel cell is supervised and the amount of hydrogen gas was controlled by this example based on this 
changing condition. 
[0033] 

[Effect of the Invention]He is trying to aim at the increase in an output reasonable according to this 
invention, restricting a fuel cell reaction exactly in the starting state of operation in case a system is 
low temperature, and controlling generating of produced water. Therefore, the problem of the loss of 
power based on flooding is [ therefore ] solvable, avoiding effectively the problem of the flooding 
phenomenon by the side of a cathode terminal, even if it starts operation of a fuel cell system by a 
low temperature state. By this, the fuel cell system from operation between the colds can be started 
smoothly, and output performance can be doubled with an output request as much as possible. In the 
fuel cell system which uses a thin electrolyte membrane, especially this invention is effective, when 
taking the composition introduced into a fuel cell system, without humidifying oxidizing gas. 
[0034]When output shortage arises in the above-mentioned standup state, it may constitute so that 
the electric power from auxiliary power units, such as a capacitor rechargeable battery, may be 
supplied. 

[Translation done.] 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1]A cold condition and the graph which usually shows the generated voltage of the fuel cell 
in temperature, and a relation with current, 

[Drawing 23A cold condition and the graph which usually shows the generating electric power of the 
fuel cell in temperature, and a relation with current, 

[Drawing 3]T he explanatory view showing the moisture transfer model in a fuel cell, 

[Drawing 4]T he whole fuel cell system outline block diagram concerning one working example of this 

invention, 

[Drawing 5]T he flow chart which shows one example of operation of the fuel cell system concerning 
one working example of this invention, 

[Drawing 6]T he graph which shows the relation between the amount of basic hydrogen gas, and an 
accelerator opening, 

[Drawing 7]T he graph which shows the relation between a hydrogen gas correction amount and the 
accelerator opening rate of increase, 

[Drawing 8]T he graph which shows the relation between the amount of basic hydrogen gas, and stack 
temperature, 

[Drawing 9]T he graph which shows the relation between hydrogen gas correction value and air 

humidity, 

[Drawing 10]l t is a flow chart of control of the fuel cell system concerning other working examples of 
this invention. 

[Explanations of letters or numerals] 

1 Fuel cell system 

2 Fuel cell stack 

3 Feed pipe 

4 Hydrogen storing metal alloy 

5 The amount regulating valve of hydrogen gas 

6 Hydrogen humidifier 
20 Heat exchanger 

17 Circulating pump 

18 Circulating water piping. 

28 The amount regulating valve of hydrogen gas. 
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